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ABSTRACT 

Tha MIT~C^ alactroatatlc ganerator and broad<-ranga apaotro> 
eraph hara baan uaad to atu^ tha angular distributlan of proton 
groupa froai tha reaotton Catia(d#p)Cau^. A thin targat of Ca^iiO, 
bachad by Fanmr and gold loaf# aaa boafc a rded ulth 7.0-Jfcv dautar- 
ona. Tha mpilar dlatiributiona for fomatlon of tha grotmd state 
and tan exeltad larala of Ca^5 dbteraed# 

Tha Ca^^(d#p)Ca^^ raaotlon aaa obaarasd to procaod pradood- 
nantly by stripping. Tha distrlbutlona haw boon coapared with thir 
predlctlona of the Butler stripplag theory# In order to dataradna £xi» 
the «igular anarntun af the eapttc«d neutron. 

Tha angular nonenta and parities for the larals of Ca^^ haw 
baan datomined as listed balas} 
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Th> r*lAtlTB diff»r«ntlAl eroaa Motlona Tar fenMtlan of th« 
-rtrlotia lotola hi-vo Also been oAlenlAted* 

The eonoluelone indloAted thet no elngle eholee of the pen»- 
eter ro* the Interaotlon redlne ef the Butler theorx, reeulted in 
unique deteraimtion ef tor ell the dlstributione eneountexud* 

It ^e been auf^eted that the theoiy of Tobocean eay giae thecu^tl- 
eel prediotione to natch the experimental rasulta* 
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I. INTHODUCTIOir 



ThB High Voltagt ZAborktory at the Mueachueetta Inetltuto of 
Teehaologr haa been Inveetigatlng nuclear roactiena Involving oalclue 
laoto*Taa to wrovida axpertnental data man nhleh ramdietiom of noelaar 
atrtstura M17 be nade* The oaleltaa iaotooea hava closed ahalla of 20 
protona* Ca^® haa a closed ahall of mutronai the heavier ealoltn 
laotopea are fomad by adding netttrona to the lf«^^ shall until the 

ahall ia cloeod at Ca^®. Ca^9 has one neutron in the shall. 

1 2 

Kwath and fdnonc!a and Floaera hava nada thaoretical sttidlaa of tha 
anargy-leval atnustura uriaing fre« configuratlana of taro, threa, and 
four identieal particles la tha If^/g on the basis of the 

coupling ahall nodal* Tha lattar authors point out that a transition 
fron IfS to j-J eoupling ia antteipated la the region froB A • liO to ?0. 
This labaratory hat nada at leaat preHadnaxy iwmstigatloaw of the 
enarfy levala of Qa**^, Ca**^, Ca^^^, Oa**^, Ca^*^, and 

Ga^^> and of tha angular dlstrlbutlana of Ca^^ and 

This experiaimt inveatiBates tho annular distribution of 
orotona fron the raaetlon C5aW»(d,p)0a^. Tha Oa^^ gromi state haa 
five neutrons in the lf.^yfc» ahall outaida closed shells of 20 nauttrona 
and 20 protona* PircfbleaB eoneemlng tha states that are fon»d by re- 
ajTaneaaant of the five mutrons elthln the lf^yg> shell my be treated 
the saas amlytleai:^ as the nroblaa of 3 neutrons in the shell, accord- 
ing to the '’hole" theory. 
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■[iiTwyirrti .i 

im -^'Boj-argocfal mff 

mtblm larvlofwf no^ fyXqof%T 

%8 ViollaJttiinH lioS^ mom a&tt IniamtrrKrfo ttirtnn e& a«roi»sl 
wr V b^Io «rwf «loX*o «<7 «cr omrSaroSw 

■rXaXsd T^ iv ^ ar(# xmacrxiym to XXw^b k^«Xo o •tou^o^ 

Ittfm nm» s'^^tX o^ mtn^ea saJtbbA x<f Hmot ir» •ors^oaX 
•XXotie aX no'sXrron mo twrl ^t^«D .^^aO ^a baania cl limfo 

o , f 

vU* to vaXSiu^ XaeXitfrmad^ «b«i ovm^ rrvacXt bna aNHiib^ bda itfasrX 
Ma ,©wX ta ■noi^awsltnoo ■e'xt ^aUttbia rsytfatnrf’s larftCwijgtwm 

MIX to aXaaiX ac2i no XX«ia ^ ^ eoXoXX^isc' laoiXoAl 'toot 

oolXXMtas# a XarM Xxro Xnlac^ noilXrra ^aXXcX adT «X«bo« XX«1a aniXqvoo 
.0^ Of Ot! • A wnt iiolian! aifX nt baXmiafXaa al snHqiieo t~t ®A €~J ^crrt 
9tl0 to aniXfliiXaofBl -^iaiiKiXrwT #«a«X Xa «6 mi aari '^cXPcotfal aliff 
boa ,^*^a0 ,^^a0 ,*^^*^a0 ^^^^aO to tXavoX ^totto 

A-V) boa ■^‘^aO to aM9lXt;tfI*rXolb *zaC» 9 fla oitt to Hob ,^a0 
to tielXiribxXelb tela%m txU •mfmlfoomt &amtmrtt» ohiT 
oari «fa#e bixms ^^aD arfT mAXoaox orfx ae^ anoXow 

mcnrdTroa OS to nEXo!% boooXo obiaXtre XXarfa ^^tX arfX nt anmlvoft onrl\ 
o> 0 i y/i b oanat Ofta XarfX eoXafa oriX aeXrrtvaaoo ao«£($9i^ •oaaXo^ CS bna 
bod’sarrX ad tiOi XXorfa ^^tX orii nXdlXo eaoo*xr«» orXt edX to XnawMaarra 
-tnc^oea (XXmII adX <il asorcXoMi C to otoXAMi odX aa xtCooiXi^iCarta mm m& 



•YTO<w^ "eXort* mJX oX 



The eni^uler distrUbtttlens «f proton s frc« (d,p) reactions are 
often charaoterlaed Isgr pronoaneed ■udaa In the fomard direction* In 
order to explain theee reaetione nithout poetulating hi{^ values of 
Mgnlar aanenton, the strippinji; process has been visualised* The 

7 

Butler theoiy ’xedlcts the angular die trlbut Iona of orotons fmt 
these (d,p) reeetlona in term of the angular now mtu n of the 

captured neutron* Butlar’s celoulatlnna Indicate that for -4-0. 
the ssudisua of the angular distribution occurs near « • 0, ehere 0 la 
the angle of observation* Aa the cbaraeterlstio value of is In- 
ereassd, ths naxinsB of ths angular distribution SKives to larger values 
ef 0* Tf the angular ma m an tm and parity of the initial nacleus In the 
reaction are knosn, detenainatien of corraspondlng to the forsatlon 
of a given lavel In ths final mteleus also detsmdnes the parity and 
poseible valtxs of angular aa w nt ua fen* that level* Greater rostrle- 
iloni say be plaoad on the poesiblo values of angular aonentae for the 
Isvsl If X ■ 0 for the initial nuclsus* 

In this axperlaentf the Butler theory has bsen ussd to investi- 
•ato the parities and angular axseenta of the grotmd etate ind ten ex- 
cited iBvols of Ca4^^, Ueted In Table I* 

Ca^^ <tecays ly beta eniesian to The neastired values for 

I - 9 20* 

I • 7/2 and ti • li*76 point to a f^^y^ groravl stata because of 
the position of on ths Sehnldt diagran* IMs is es rredieted by 
the extrene single-particle shell nodel* The P” deci^^ hes s half-life 
of 163*5 deys and an allosod shape on the Kurie plot nith • 



nuclear nagnetons* 
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0.255 • Thte iMdfl to log ft ■ 5»9* If then the txvnsltlon 

Is teloBn to tM an alloeed one, the reatilt is not In dlBagreanent trlth 
the esctrei* slngle-partlele shel l "Si od el rredletlon of f^^/g for the 
groftnd state of Ca**^. Since I - 0 for the groand etato of Ca^*^, the 
angular dlotrlbutlon of the pretons aesociat^kd with the fora»tion of 
the grotsnd state of Ca^^ la erpeeted to ht eharaeteriaed by ^ ^ « 3* 
The 1!TT-0(SI oleetrostatic genemtor and brcjad-ranae mcnetic 
speetro «r?h has® been med to stndy the anmlar distributions of 
proton groupe resulting fre* dsuteran bc ato ar d esnt of a thin Ca^O 
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tftrgat* Tho inveatlgfttion ha« b««n carried out at an ener^ of 7*0 
Mer* The proton croupe aaeoclatod «lth the grotstd atate and the ton 
excited levela of Ca^^ haee been oboerved at eighteen angloB between 



7-1/2 and 120 degree#* 
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IT. EXpraiKifrAL r»xEy!P3 Aims a^’^apjltus 



Chftrsod MirtleliM ewarRlnj frcaa th® boabard*d t*n^t i*®r« 
dsflftcted in tht taemtio flaldi of th® anectroj 3 »ph and thin do- 
tictid on EastMm NTA photocraiiilc plato*. The positions of tin 
tx«elc3 slon<; the pistes dsteradns tho radii of ctrrvature of the par- 
ticles. CslibratioR of the vmrlom distances alonft the plates use 
oede preeionsly bj coeparison elth the position otf al);4is^pertielas 
trom polenioB deflected by • knosn spectrogrephlc field. Ibis pro- 
oedtire has been described elsewhere^. The plates sere read bf count- 
ing the nuBiber of trecks si thin each half-ailliBBter section along 
the platae. The total length of photogre^ie plate erpoeed in one 
POT la aptrcncirately 76 centisoters. To facilitate plate reading^ 
the platee sere eorered sith ihin liQrere of aluBlnaB foil during 
0xpo0tm on (d,p) rune to present charged particles heasler than 
protens fron reaching the aaailsion. Detailed descriptions the 
KIT-OSR slectrostatio generator and ths broad-raniES apeetrograph 
base bean pl'ven elssshers^^. 

The target reed sas prepared by C. M. BnuueSf presently at 
Via University of Utrecht, Viile sorJdLnr at this Laboratory. Ths 
Mthod sas evaporation of CaO onto a thin flla of Forcwar, bached 
by gold leaf. The enricdisd Cm^ Isotope sea reseivsd in tJio form 
CaCO^ froa Vie U. S. Atoedo Energy Coataisalon, Stable Isotopes 
Division, Oak Ridge, Tenaeases. The caleiuoa content sas 97*99 poiv 
cent Ca^i the la^iuri^ sas salnly Ca^®. 
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The BotlRr eisTfsa shown In tlv rraulta wre coratructsd fnm 
no ao e xnaa premrod bsr C. R* and T* C« Parkinson of tha tihlwiv 
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ni, EXPERiifarrAL resucts 

In ordor to dotowrtns the atror^ contaadnenta In the t«rc*t, 
a en r ye y eae aade by bonbarding the tarjfit nith 6-i%v protfltMi and 
analyalng the elastically scattered r^oton rr^we for t?To maaes of 
the aentterlng nmlsi* The results of this sitnrey aro presented in 
Plguro !• A hOOHRlerocoiilosb erpeenre tras naod nith a ooectrogre’* 
an(;le of 1?0 (^trroes* The peak for pold is anproxlmtely 2?(Vkrr 
eido at the bottom, thereby obeetirlng any contBHdnants of msses be- 
fcwa an and 197* 

A prellmimzy boohardaent of the tar^t eith 7**i&v denterons 
mas nada, using an aa^ostzre of 500 slorocoiiloitijs, and a snectrograph 
angla of 30 dsgrsee* Tha reanlting proton groups mors studied to 
Ttrify the preeence of energy leeola of Ca^, as fotaid by C, M* 

Braaas. An additional verlfieatl(« eas later presided by noting ^t 
the energy of proton groups attributed to Ca^ had eorreot depend- 
ence upon 9, 

The prellsinory bosfoardnsnt nrorvided Information on the Inten- 
sitles of the rarious fla^ leTsls. This In form t ion uas used to 
determine the exposmes required to obeeryo the leeels elth good 
atatistlcs. 

F^eperlmmtal data for the antpilar dlstirihiiticai of Ca^^ mere 
obtaimd with tso bodt^srdment expeetares at oa^ angle up to degreas, 
baeausa of tha differsnses in tha Intensitioe of tlu> oroton p*oupa 
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Figure 1 



aMoeiflted itlth the foradtlon of the Tarioxs A ^OQO-wicr^ 

•oulont} espoexs^ vm taied to obtain data for frroxsa* aorraepordlNK 
to the ^Toxsnd state and to the 2.K0, 2 * 96 , and 3*32 Wv XbtbIb) 

a <00-(RioroeoalaBl» ezposnre eas oeed to obtain data for the croupe oorre-> 
siNndlne to V» l.!i3, 1*^9, 2.25, 2.3b, 3.2lt, and 3«U2 Ifev laxrels. AU 
data obtained at acglea trom 70 to 120 dogroea aere obtaiinsd with a 500- 
nicroeoulaei) e^^osttre* 

Figure 2 ^oas rsprasantativa data obtained eith a ^OOnalcro- 
soolaefc axpoaxire* The half-aridthe of the peaks observed in the aKperi- 
asnt wriad generQll^ froas 1*9 to 3*0 slllijseters, earrespondlnc to 
enerer spswads ef 35 to 23 ksr. The peak eidth eas dtia to a ooalxliia* 
tion cef target thicknesa and slit otpenlng. 

naoawe of the prosonoe of caxbon and aay e en in the target, 
seee lersls ef Ca^ ecmld not be obeorved at oartala angles sine# they 
Tiara aasled by InteaM proton groi^ fro« i*e C^(d,p)C^ and 
0^^(d,p)0^*^ reaetimis. This situaticn is aids clear in Figure 2 by 
the intensity of the proton gross corresponding to the foraetien of 
the gro ur ri etste of C^. Tkble II tabulates the data idseing baeauaa 
of oazboa and onyt^n reactions. 

All lasela of Cat*5 uero obeeured at ths 5-dagree angle of ebser- 
eeticn bacausa of an intensa baakgrouad of protons fro« Al^(d,p)Al2® 
raactions in the aluslnua foil contrsrlng the platos. At enall angles of 
dbsarvation, tho ntafcar of deuteroos soattored into the OToctrc^pinph 
bacons Tsxy high* 
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lo ^Xsoa XXpa dA •aadaXq add jalaapo Xlol MdaoXa add at omttomrt 
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Dita Mi«9ln^ of Tnterf"r*no« fmj 

C^^(d,p)C^ and 0^^(d,p)0^'^ Reactlona 
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iQills obaervinp the anjnal'ir distribution of protoew, thu aag- 

mtlo flflld of the apsctrograph lum 'varied from run 'bo run to Muse 

the ground-stata proton grouo to be dbeeread at tt« saro place on the 

pbotogra"iiie plates at each angle of bbeK*r«ation$ this in fact caused 
hS 

the other Ca^ proton groune to remin alaoot s'fcatiomxy. This pro- 
oedare obviated the need for a solid-ei^la correction caused by a 
given proton c^wtp a^i^aring at diff^rMrb positions as the angle of 
obsemniticn eas -varied* 

To insure that thero eas no dvinge in tho target idilch talght 
hava affected -Uio Intensities of the observed proton grroig» during tho 
suBoessi-ve runs at the various anglsa, noraBlisins runs sere periodi- 
cally aada at an angle of 60 degrees* Hie suss of the mahor of tracks 
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in* . t'"--' and ’-o \J» 2. (3- an.'^ 

T»a* ^ r crono' ►>r«<1.1itln* r'tnM i»?th an exTcv^a- 

uro of ^O) mlc.rxouln*;h.’. Table TII o-;'' II tk't +h ar/? raP’wltg 

of ♦•-bo mrnoliaiii'’/ urtcGduro. ?;io iv*jtLlts t’idio*-V. -tliat tbsi-* »«» no 
cnn ’'^"0 in t.ho tar 
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TABIS in 

Keraalislng Pk*oeedvz« 



Order of Rene 


Total counts in ground 
state and l«h3- and 2,2^- 
Mev proton groups 
jj; standard deviation 


SoroalislQg run 1 




Rtsmi at ^0, ho, 30, 20, 10 degrees 




}k>raaliaing rtsi 2 


1320 ♦ 36 


Rms at 60, hS, 25, 1$ degreee 




Nomalitlng irm 3 


lh39 ♦ 39 


^Soraallsing iron h 


lhh3 ♦ 33 


Rtaae at 7-1/2, 5 degrees 




Remslislng run 5 


lh72 ♦ 33 


Sersallsiag run 6 


lh37 ♦ 35 


Runs St 70, 90, 110, 120, 100, 80 degrees 




Meraalising rm 7 


lhl6 ♦ 33 



thlt Imitation did not ehaxics the area of the target which waa illuBl- 
»tad hy beca eren if the beam had been off center j howresr, it 
did change the apparent width of the beaa spot as viewed from the spec- 
trograph* Since the intensity of tlie peaks did not change between runs 
$ and 6, this Indlsatea that the apparent width of the been spot did 
iwt affect the solid angle cheerved by the soeetrogmnh* 
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FlRTir#* 3 through 21 thcw th» «^;xi3»r dl«trl2yutloBB 

plotisd vlth th« calculated Sutler ourrea. The errora ahcwn repreaent 
the atatlatioal cotaitlns errora onl;r, based or a standard deTlati«i« 

The apeetrojjraph aoeepted partielaa ■with angles l/li detpree olthur aids 
of the noainal angle 9. 

The Butler eurvea, as plotted, are not corrected for the dif- 
ference bet^ieen and or for the difference betseen the solid 

aT^le In laboratoTT’ and aoUd angle in eenter-of-fflaas coerdlmtee* 
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Tho correetlons for thi« state are largeat, slxee it has the 
Iflpeeet Q-a«lae* Orer the ranffa of irrtereat, 9 • 10° to ?0®, iihere to# 
saxlaa ocetir, both eorreotlons are ewill^r than the #xn*ar introduo#d 
bgr tha noaogran* 

One nndetersln^ parameter in the calouliition of the annular 

distribution In th# Butler th#ojy Is the Interaction radius, r^. 

15 lo 

Hufey has stated that Gaaorr*a ' fonmilA 

r^ • (1.22 ♦ 1.7) X 10-^ cm. 

give# a £*dlT» which will noroally support unique detoraimtions of 
J2 fi* ^Aa f<»wula gives r^ •» 6.0 x 10“^ en. for Ca^. Th# ra- 
sulta of this axparlmnt Indicate that no one value for r^, will lead 
to unique values j2 thsrefors, too erperlamtal data haws bean 
praaentad with Butler curves aasplccrlng r<, • 6.0 and 7.0 on Flsuras 3 
throuiJi 21. 

The axparlamtal data on Figures 3 through 21 havo bean Intar- 
proted as fblloast 

Figures 3 and li illustrate the grounri-etate distrlbutt<»i* It 
la eharaotariiad • 3| • 7.0 provides tho bast fit. 

The O.lS-Msv level Is not illustrated. The state was detected 
at the Indicated energy but wm obeerved with such low Intensity that 
the angular distribution could not be deterasimd. 

Flgurea $ and 6 iUuetrata the l.U3«?fev level distribution. It 
is eharaoterlaed by £xi • • 6.0 in*ovides the beet fit. 



•rv NM IJ »M(e» «c! UR\l^a«rcio mJf 

^ «#%f • % lo iKjm «# 

WWtf *tt idi*** 4t^ ^'vmfvs tfMhvw* 

«tsOr*««i tA* (ptCir’..#9XM3 <*<# Bf f»»Ti fllO 

.^*1 V t? ijim tlt illf ttt arlJix'*hi;;t«#% 

^ftweptC Kf#*SV ffe 

.■» ^“ttf X (T»I ♦ ».I) « 

m lUw's tUv * »vrj) 

-«#t ^*"»iC « mrtj %ipm^m\ ♦lrf» • a ^ 

t«i£ Ult» ♦! ««Xw €« #•** -#t^ V e#Xi» 

(•Mf •*>< ar^i* XiliMfi r» •<♦ \ ^ wnim aS 

C m 9«T IM 0«<& • 0% pii'tiXqro #«rtjrd i 

•IS ^9irir 

#Miif #vtM^ IS ( t^’gJX ^ §St^ XzStmMKitBn miff 

%mmtr^ t4 

#’ 4^mimttt 4 ^ t 

»•^n fw^ mUM %rni^rmym^ O.T * |C • %t 

mam atm* ttt ,ta0att*>a£n ma* mi iaa^ y mi A £»t» 
n0t ^ammmk md ama HMv ^mtmmmth m* md qr« < ^ bm*mMai adt am 

.Um^aadtk Id vx«os *irn^>cftiA tmltma m:t 

ti ,mi fOnt^rr jummi mia atmamiU # lo» > 

*.*lt r»»wf *■ jl “ 41^1^ faaitmmftmt^ aX 



Flgur»i 7 B illwtrat# the leiel distribution. It 

is probably an ■ 1 dlstrlbutlonj • 6.0 nrovldas the bast fit. 

Figures 9 and 10 Illustrate the 2*2!>-MiT level distribution. 

It Is characterised byj^„ • Ij - 6.0 prorldea the best fit. 

Flgtmjs 11 and 12 lllaetrate the 2.h0-ilev level distribution. 

It Is characterised by^n • 

Flgxiree 13 and Hi illustrate the 2.’’li~MBv level distribution. 

It is probably an • 2 dlstributl<Hij hosever, the fit Is SQcevhat 
aablguouB at both values of r^. 

Figure 1*^ Illustrates the 2.96-Mev level distribution. Ho 
detersdnstlon af la possible. The a syawe try about 90 degrees 
suRgests that stripping action tabes place in the foraatlon of this 
level, but it does not appear to bs the characteristic "Butler" type. 

Figures 16 and 17 lllustrata the 3.2l:-Htev level distribution. 

It is probably an ^ g ■ 2 distribution} the fit is artslguous vith 

Tq • 6 . 0 . 

Plgurea 1^ and 19 illustrate the 3.32-Msv level distribution. 
The data do not justify tdie aaelgnsent of ^ g. There is doubt 
whether the characteristic "Butler" type stripping takes place in the 
formation of this level. Per coaras risen only, ^ g ■ 3 ctirvas are 
shorn. 

Figures 20 and 21 llluatrats the 3.b2-5%v level distribution. 

It is probably an ^g • 2 distribution, but the fit is pow. The 
assignment of ^g aif^t have been more definite had the level not 
bean obscured at 30 and 35 denwes. 
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T«bl« IV tabulate* the asslj^rwenta o? spin and parity to th* 
states of Cs^^ osde as a result of the oonolualave drawn abcnro. 

The Intensity of the neaks froa the various !?“▼»* 1* at their 
aaxloa was eonpared with the Intercity of the nround state at 
0 ■ liO degrees. In order to calculate the relative differential cross 
sections* These relative cross sectiona and the angle at which they 
were coanered are tabulated in Table TV* "^n these ealotolations, 
solid<^ngle corrections were twed to correct for the different loca- 
tions of the proton groins* The soUrJ-ongle corrections were taken 
froa a curve prepared by B, F* Zinwnmn, Jr, of this laboratory* 

An attewpt was mde to deteraino absoluto cross sections by 
coBperison of the observed intensities of the (d,p) reactions with the 
Inteiwlty of Rutherford scattering of <*0-’-%v alpha-partlclsa by Oa^. 
This proved not to bo possible with the gold-baclad targets available, 
because the peak of the al](^-partlel«i scattered by gold was wlds 
snough to obscuiv* the Ca^^ peak. 

The Bvtlsr curves, as calculated, repreoent only the angular 
distributions* A mltlplytng factor was required to apply to each 
calculated curve in order to nteh the aasilisua to the mxinum of the 
expsrlnental data* The factor for the 2*h0-^v level was obtained by 
satehing the Butler curve to the experliasntal data at Q “ 10 degrees* 
The factors are listed in Table V* The factors are noraalised so as 
to be equal to unity for the *• 1* • 6*0, Butler curve. A solid- 

angle correction was mde* 
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Tabula ticn of Results 
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Butler Curve 
n **o 


Relative 

KultlplylnR 

Factor 


Ground Stnti* 


3 


6.0 


2.^9 


« 


3 


7.0 


1.17 


l«h3-XiT I«Tel 


1 


6.0 


1.00 


ft 


1 


7.0 


0.71 


LeTBl 


1 


6.0 


5.31 


It 


1 


7.0 


U.Ol 


n 


2 


7.0 


7.18 


2.25-^ I«Tol 


1 


6.0 


0.78 


N 


1 


7.0 


0.56 


2*liO-H»T I*Tel 


0 


6.0 


0.76 
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IV* C0MCL«5I0!fS 

A^r—rasnt with the Btitlsr t!mory s««!iib adequite to Malgn 
wluss at ^ ^ with •8»ur«nc« to tJw* di<?trlbtitlon» for th« ground 
•tats and first five exeltod 3 /^wo1b, with ths sxcsotlon of tbs first 
•jeeltad state* A«*lgm»nt at jS x\ distributions for ths next 

flTS axcltsd states Is scHsrshat dubious* 

It Is enphaalsed that no tailqtie walun of r^ results In posi- 
tive deteminations of further no*ed tlmt those states 

assigned J2 ^ ■ 1 were best fitted by r^ • 6*0, whereas the ground 
state, assigned • 3, and the 2*81:- and 3*2ij-%r levels, with 
probable values of J2fi ** 2, are best fit by a higher r^* 

It is eonoltxied that the Butler theory is not oonplete enough 
in all eases to neke unanblguous asslgRwsnts of It appears that 

a Bore elaborata trsataont Is necessary* 

Tobocnan has dsveloped an «xtenalon of the Butler theory bST 
considering the effect of Couloefo end mwlesr interactions. Ths 
Coulosli effect would ason to be sswill, since the bosfiwirdlng energy of 
6*7 Mrr In center-of-wase cocHcdlnates was ab«mi the Couloalh barrier 
of ?*6 Mev. However, only a sUrht shift of the eaxliai of the theo- 
retical ctorves is reoulred for good agreement with experljRnt* 

According to Tobocestn, ths Coulonb Intersction tends to «ovs 
^ naxina to larger angles a»d broiulen the oeaks and to fill the 
valleys between tho prlnery and socondexy jsaxina* Rosever, the 
txuclear Interectlon tends to displace the peaks tcsiard smaller angles 



.VT 



mwm>9 xvo*Hi rr^TJipi A+lw f w xrt a l 
HvpiV wit «rto^^p#iT#»^l> ol rt^lir erntw 

ifrTn 9Af lo ,aXor<iI b»^Ics:» •V'il: hrt* w&a&9 

#w» fb md& ot lo .Me^ts b«^i«e* 

.emldvh tt 99&9i» b^trt3t» mil 

-Imxi at a^Iifttw lo «rl«r wpiov oe b— l mr fc ,* » ci; it 
notmf mmM fe**crt ‘tV^frwl eJ- il tnfoiifinlflrre^eb mii 

txvcrn zaentin ,0»d • ©7 *wr X • boaslcM 

rt/i^ ( 8 l«qr«I bn« adJ^ bOM ,C * ^an^Xtaa 

•fj*t nmOtlti M ygS SXt XmnJ rza ,S " lo q«»I«t altfacfoKq 
rilBtaf ftsIVKi don 81 x^c«dd *r«Xdtifl add dadd ba&nXonca al dl 
dadd mfVPa dl a1riam^J>aa wrotcaldbtant; aotet od a<>Qao XIa nl 

•icrtaaseeaa al dmeida^td adaiodaXa arop a 

OS 

Iff X’i«*(td naX%8 a.id lo fiolaftada?> rta bfpalavafc ead napoodcT 

itf .«(*old%a»adnl •zaaXrsxi bcs <fee£ooO lo doolla arid “Viliablanoo 
lo Tjrwa aplW»^od »dd amfa ,^L£mm ad ^ aeaoa M*rc»r do«llo daoItroO 
*rel*r»aid AaX»o^ add arjrtfa ea» aadan.f£n»ct> aafl»«lo*-t«^»»o «1 T«S 
-oadd add la apixi* add lo dl/ria dd'lle a x£«o ,Tara«an ,r«i A*5 lo 
•dctwJhtaqnta »^lr dnannatna booa ya^ bcrrlnon el aarsoro Xaolda^ 
avoM od ah>«d noldoatadnl dPaXvoO add ,n»occfoT od ^Ibwooi 
arid nil ad Hiui adaa" add apbaond tma eaXifaa ta;srr«X 0 ^ mlxm arid 
8B^ ^T w wa .latliv YtaX'noooe boa ^aal'icr add naaadad a^aXXar 
aaC^a *iaXI«Ba {rsaapd atam add aoaXoalb od afcnad leldorxadnl ‘laaTsfin 



«nd to mko th«a Iom brosd. A atehine calculntion Is required to 
find the predicted position of tho rvi]Kir7 anxiM according to ths 
theory of Toboeaan^^* 

Ths data of this exoariisent asks at«llabls for study ths 
angular distributiww of the ground stats and six sxoltsd levels 
shlch appear to havs alaost purs strlpoins-typs dlstrlbutlais. It 
is bsllsvsd that ths additional uork nocsssary to mho a mehine 
calculation aould bs uarrantsd in order to dstanalno to what dograa 
Toboeaan's theory agrese with exporlmixt* 
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